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Abstract 
This article aims to investigate long-term dynamic causal linkages between Hungarian and Romanian stock markets in order to 
obtain additional benefits based on international portfolio diversification, especially in terms of globalization. Emerging stock 
markets are generally considered to be more attractive for both institutional and individual financial investors due to certain 
stylized facts. The volatility transmission patterns, financial contagion effects, international interdependence and long-run causal 
linkages between international stock markets highlight the importance of a functional and stable financial environment. 
Technically, the structure of this research paper includes both theoretical developments and additional empirical results. The 
empirical analysis is based on daily returns of selected stock markets major indices during the sample period between January 
2000 and January 2014. The financial econometrics framework includes descriptive statistics, Unit Root Test, Augmented 
Dickey-Fuller stationary test, BDS test and Granger causality test. The final results of this empirical study are highly relevant in 
order to understand investment decision making process and stock market stability.  
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1. Introduction  
The bilateral relationship between Romania and Hungary has proved to be very complex and somewhat unstable 
based on the disputes concerning institutional, cultural and territorial autonomy. Romania's national minorities 
comprise a fairly heterogeneous structure, which have potentially significant direct impact on the economic and 
financial field. According to the National Institute of Statistics (INSSE) based on the final results of the Population 
and Housing Census conducted in 2011, the Hungarian minority of Romania is represented by a significant number 
of 1.259.914 people and consisting in a proportion of about 6,26148 % of the total population (20.121.641). 
Moreover, ethnic Hungarians constitute the largest ethnic minority in Romania. Nevertheless, from peaceful 
coexistence to recurrent bilateral tensions is more than a political issues. One of the most significant aspect is the 
fact that the fundamental practice of bilateral agreements based on good relations between neighboring countries is 
considerable influencing the economic environment. Nevertheless, the foreign relations between Romania and 
Hungary have deep historical roots, with profound economic implications, especially in terms of globalization. 
On the other hand, Hungary joined the European Union (EU) in 2004 and Romania became a member in 2007. 
Certainly, Hungary has more attractive economic prospects. However, in recent years, political tensions and 
austerity measures have caused a negative influence in terms of investor confidence, especially in Romania. 
Consequently, the economic context is more favorable for Hungary considering a wide range of influential factors. 
In recent past, the Hungarian economy managed to achieve much higher levels of development even better than 
expected. The influence of the real economy is reflected in the field of financial investments. Furthermore, economic 
growth and financial stability are mutually reinforcing especially in terms of international integration. 
In recent decades, there has been an important structural reform of international stock markets based on cross-
border transactions, exchange control, investment policy non-restrictions, derivatives, international portfolio 
diversification, liberalization of financial operations (Birău and Trivedi, 2013). According to FTSE Global Equity 
Index Series - issued on September 2013 (the latest official report), there are several categories of markets, such as : 
developed, advanced emerging, secondary emerging and frontier. Thereby, Hungary is an advanced emerging 
market and Romania is a frontier market on the basis of significant selection criteria. Moreover, emerging capital 
markets are less efficient than the developed markets considering their long-term structural imbalances, periodic 
cycles of significant contractions and expansions, asymmetric volatility effects, informational frictions, along with 
severe functional disturbances. 
 
2. Literature review  
 
According to Siminică and Birău (2014), the liberalization and integration process of financial markets 
emphasizes various opportunities based on reduction of capital transaction cost and foreign capital inflows. 
Furthermore, international investors are focused on the potential correlation among returns of different national stock 
markets in order to diversify the investment risk based on international diversification of portfolios. Moreover, the 
authors suggested that the multidimensional implications of financial integration generate the possibility of 
identifying investment strategies in order to optimize the structure of risk management. 
Eun and Shim (1989) empirically analyzed the interdependence structure of major national stock markets. 
Moreover, the authors suggested that innovations in U.S. market are suddenly transmitted to other stock markets 
despite the fact that none of these markets can adequately justify its movements. They investigated the existence of 
international transmission of stock market movements among several mature markets, such as : Australia, Japan, 
Hong Kong, U.K, Switzerland, France, Germany, Canada and U.S.A. Moreover, Abimanyu et. all (2008) 
investigated the international linkages of the Indonesian capital market using cointegration tests to examine the long-
run equilibrium relationship between the stock markets of Indonesia with China, France, Germany, Hong Kong, 
Japan, Korea, Malaysia, Netherlands, Philippine, Singapore, Thailand, Taiwan, the United Kingdom and the United 
States.   
Balios and Xanthakis (2003) investigated international interdependence and dinamic linkages between developed 
stock markets, namely U.K, Germany, France, Italy, Spain, U.S. and Japan. They concluded that U.S. stock market 
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is the leading stock market in the world and U.K stock market is the leading stock market in Europe. On the other 
hand, Singh (2010) investigated Chinese and Indian stock market linkages with several developed stock markets, 
such as U.S., U.K., Japan and Hong Kong. The empirical results revealed that both Chinese and Indian market are 
correlated with all the selected developed markets based on the analysis of Granger causality. Pretorious (2002) 
suggested that it is very important for international investors to understand the forces behind the interdependence of 
emerging stock markets in order to be informed about the potential occurrence of systemic risks and their global 
implications. 
Phylaktisa and Ravazzolob (2005) analyzed the stock market linkages in emerging markets considering the  
implications for international portfolio diversification over the period 1980–1998. The empirical results for the 
1980s revealed that the relaxation of foreign ownership restrictions was not sufficient to attract foreign investors’ 
attention and that other factors must have affected the portfolio diversification decision. On the other hand, the final 
empirical results of the 1990s suggested that the relaxation of the restrictions might have strengthened international 
market interrelations. 
Khan (2011) investigated cointegration of international stock markets based on a complex perspective regarding 
diversification opportunities and suggested that an increasing number of investors are interested to invest in 
developing countries. Moreover, the author investigated the existence of cointegration between stock markets of US 
and 22 other major economies. 
Birău and Trivedi (2013) empirically analyzed the existence of cointegration and international linkage between 
Bucharest stock exchange and certain European developed stock markets, ie France, Germany and Greece. The 
empirical research covered the sample period from January 2003 until December 2012 which were divided into two 
sub-periods in order to examine both pre-crisis and post-crisis effects. Regarding the first period of analysis, ie 
January 2003 – December 2007, it appears that there is no particular causality between Greek and Romanian, 
German and Romanian, respectively French and Romanian stock markets. The second period of analysis, ie January 
2008 – December 2012 suggested that Granger causality runs one way, from Greece to Romania, but not the other 
way and there is no particular causality between German and Romanian, respectively French and Romanian stock 
markets.  
Birău (2014b) investigated the existence of dynamic causal linkages between international developed stock 
markets of  Spain and Canada. According to the previous author, the empirical results of Granger causality tests 
among  developed stock markets of Spain and Canada highlighted significant investment opportunities based on 
international portfolio diversification and risk management strategies. Granger causality runs simultaneously in both 
directions for Spain and Canada based on a feedback relationship. 
Siminică and Birău (2014) investigated international causal linkages between latin european stock markets in 
terms of global financial crisis based on a complex case study for Romania, Spain and Italy. The empirical analysis 
revealed that there is no particular causality  between Italy and Spain, Romania and Italy and not even between 
Romania and Spain in the sample period, ie the period between January 2007 and April 2013. 
 
3. Methodological approach and empirical results 
 
The empirical analysis is based on the daily returns of the major stock indices during the sample period between 
January 2000 and January 2014.  
The continuously-compounded daily returns are calculated using the log-difference of the closing prices of stock 
markets selected indices, ie BET-C Index (Romania) and BUX Index (Hungary), as follows : 
  
 
(1) 
 
 
 
where p is the daily closing price. Data series consists of the daily closing prices for each sample stock index during 
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the period between January 2000 and January 2014 with the exception of legal holidays or other events when stock 
markets haven’t performed any financial transactions.  
The BET-C index is the composite index of Bucharest stock exchange (BSE). It is a market capitalization 
weighted index and reflects the price movement of all the companies listed on the BSE regulated market, i.e Ist and 
IInd Category, excepting the SIFs. The BUX index of Budapest Stock Exchange Index is a capitalization-weighted 
index adjusted for free float. Moreover, BUX index is the official benchmark index of blue-chip shares listed on the 
Budapest Stock Exchange (BSE) which is also is one of the most liquid and transparent stock market in Central and 
Eastern Europe.  
The applied financial econometrics research methodology includes : descriptive statistics, Unit Root Test, 
Augmented Dickey-Fuller stationary test, BDS test and Granger causality test. 
 
 
Fig. 1 : The trend of  BET-C Index (Romania) and BUX Index (Hungary) -  individual graphics -   
Source: Own computations based on selected financial data series 
 
Fig. 2 : The log-returns of  BET-C Index (Romania) and BUX Index (Hungary) -  joint graphics -   
Source: Own computations based on selected financial data series 
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Fig. 3 : The log-returns of  BET-C Index (Romania) and BUX Index (Hungary) -  individual graphics -   
Source: Own computations based on selected financial data series 
The fundamental characteristics of selected indices are represented by the following issues : Jarque-Bera test’s 
statistic which allows to eliminate the normality of distribution hypothesis, parameter of asymmetry distribution or 
Skewness and Kurtosis parameter which measures the peakedness or flatness of the distribution (leptokurtic 
distribution). The test  Jarque-Bera  is based on the following mathematical expressions : 
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Fig. 4 : Basic statistical characteristics of selected stock indices 
Source: Own computations based on selected financial data series 
 
Augmented Dickey-Fuller (ADF) test is used in order to determine the non-stationarity or the integration order of 
a financial time series. A series noted ty  is integrated of order one, ie ty ~  1I  and contains a unit root if ty  is 
non-stationary, but on the other hand ty'  is stationary, ie 1 ' ttt yyy . Moreover, extrapolating the previous 
expression, a series ty  is integrated of order d, ie  ty ~  dI  if ty  is non-stationary, but td y'  is stationary. 
Practically, ADF diagnostic test investigates the potential presence of unit roots divided into the following categories 
: unit root with a constant and a trend, unit root with a constant, but without a time trend, and finally unit root 
without constant and temporal trend. Theoretically, ADF test is focused on the following regression model :  
 
¦
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where p represents the number of lags for which it was investigated whether fulfilling the condition that residuals 
are white noise, c is a constant, t is the indicator for time trend and Δ is the symbol for differencing. In addition, it is 
important to emphasize the essence of a stochastic trend that can not be predicted due to the time dependence of 
residual’s variance. Strictly related to the ADF test, if the coefficients to be estimated β and G have the null value 
then the analyzed financial time series is characterized by a stochastic trend. The null hypothesis, ie the time series 
has a unit root is rejected if t-statistics is lower than the critical value.  
 
           Table 1: Augmented Dickey-Fuller (ADF) Test 
 
 
Null Hypothesis: BUX_INDEX_LOG_RETURNS has a unit root 
   t-Statistic   Prob.* 
Augmented Dickey-Fuller test statistic -9.866224  0.0000 
Test critical values: 1% level  -3.432030  
 5% level  -2.862168  
 10% level  -2.567148  
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Null Hypothesis: BET_C_INDEX_LOG_RETURNS has a unit root 
   t-Statistic   Prob.* 
Augmented Dickey-Fuller test statistic -9.020085  0.0000 
Test critical values: 1% level  -3.432031  
 5% level  -2.862168  
 10% level  -2.567148  
 
Source: Own computations based on selected financial data series 
 
The BDS test was used in order to determine whether the residuals are independent and identically distributed. 
BDS test is a two-tailed test and is based on the following hypothesis : 
H0: sample observations are independently and identically distributed (I.I.D.) 
H1: sample observations are not I.I.D., aspect involving that the time series is non-linearly dependent if first 
differences of the natural logarithm have been calculated.  
The BDS methodology involves a time series xt for t=1, 2, 3…T based on its m-history  
  11,...,,  mtttmt xxxx                                                                                                                                 (6) 
 
 
where m is the called embedding dimension. Implicitly, the correlation integra, ie a measure of time patterns 
frequency is estimated as follows : 
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According to Brock, Dechert, Scheinkman, LeBaron (1996), the BDS statistics is calculated as follows : 
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where Sm,ε is defined as the standard deviation of   mm CCT HH ,1,  . Moreover, the BDS statistics converges in 
distribution to N(0,1) thus the null hypothesis of independent and identically distributed is rejected based on a result 
such as 96,1, !HmV  in terms of a 5 % significance level. The null hypothesis was rejected in all three sample 
cases based on selected stock indices. The following outputs highlight the value of the standardised BDS statistics 
and the corresponding two-sided probabilities. 
 
 
   Table 2 : BDS Test 
 
BDS Test for BET_C_INDEX_LOG_RETURNS  
Sample: 3/01/2000 31/01/2014   
Included observations: 3530   
Dimension BDS Statistic Std. Error z-Statistic Prob. 
2 0.038806 0.001681 23.08696 0.0000 
3 0.070744 0.002667 26.52236 0.0000 
4 0.092472 0.003172 29.14897 0.0000 
5 0.104536 0.003303 31.64976 0.0000 
6 0.109240 0.003182 34.33097 0.0000 
     
BDS Test for BUX_INDEX_LOG_RETURNS  
Sample: 3/01/2000 31/01/2014   
Included observations: 3530   
Dimension BDS Statistic Std. Error z-Statistic Prob. 
2 0.014396 0.001410 10.20725 0.0000 
3 0.028829 0.002234 12.90227 0.0000 
4 0.039668 0.002652 14.95577 0.0000 
5 0.046164 0.002756 16.75135 0.0000 
6 0.048497 0.002649 18.30612 0.0000 
 
Source: Own computations based on selected financial data series 
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Fig.5 : Theoretical Quantile-Quantile Plots (Extreme values) 
Source: Own computations based on selected financial data series 
 
Fig. 6  Distribution graphics CDF - SURVIVOR – QUANTILE 
Source: Own computations based on selected financial data series 
According to Granger (1969), if some other time series Yt contains informations regarding the past periods which 
are useful in the prediction Xt and in addition this informations are included in no other series used in the predictor, 
then this implies that Yt caused Xt. Moreover, Granger suggested that if  Xt and Yt are two different stationary time 
series variables with zero means, then the canonical causal model  has the following form :  
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where ε t and η t play the role of two uncorrelated white-noise series, namely : 
 > @ > @stst EE KKHH   0  for ts z          (13) 
 
and on the other hand  : 
 > @ 0 stE HH  for st, .           (14) 
 
 Basically, the fundamental concept of causality requires that in the case when Yt is causing Xt some bj is 
different from zero and vice versa, ie in the case when Xt is causing Yt some cj is different from zero. A different 
situation implies that causality is valid simultaneously in both directions or simply a so-called “feedback 
relationship between Xt and Yt”. The F-distribution test is used to test the Granger causality hypotheses based on the 
following formula :  
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where RSSR is the residual sum of squares, RSSUR is the unrestricted residual sum of squares, m is the number of 
lagged Xt variables, K is the number of parameters in the restricted regression. According to representation theorem, 
the null hypothesis Ho implies that lagged Xt terms do not belong in the regression. The null hypothesis is rejected if 
the F-value exceeds the critical F value at the selected level of significance (5%) or if the P-value is lower than the α 
level of significance. 
 
 
                   Table 3 : Granger Causality tests 
 
Pairwise Granger Causality Tests 
Sample: 3/01/2000 31/01/2014 
  Null Hypothesis: Obs F-Statistic Probability 
  BET_C_INDEX_LOG_RETURNS does not Granger Cause 
BUX_INDEX_LOG_RETURNS 3527 0.45123 0.63688 
  BUX_INDEX_LOG_RETURNS does not Granger Cause 
BET_C_INDEX_LOG_RETURNS 5.53061 0.00400 
 
Source: Own computations based on selected financial data series 
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4. Conclusions 
 
The main aim of this research paper is to investigate the potential existence of international causal linkages 
between certain European emerging stock markets, such as Bucharest stock exchange (Romania) and Budapest 
Stock Exchange (Hungary). Moreover,  this empirical study aims to investigate long-term dynamic causal linkages 
between Hungarian and Romanian stock markets in order to obtain additional benefits based on international 
portfolio diversification, especially in terms of globalization. Nevertheless, this research paper also provides a 
general framework with regard to the quantitative financial dimension of a controversial issue of relatively high 
current interest, such as the existence of international interdependence and dynamic causal linkages between stock 
markets. The integrated approach of this research paper provides additional empirical evidence regarding emerging 
capital markets behavior. It is important to emphasize the fact that this particular category of stock markets is 
generally considered to be more attractive for both institutional and individual financial investors based on particular 
stylized facts.  
The empirical results of Granger causality tests highlight the importance of a functional and stable financial 
environment considering certain influencial factors such as : economic, political, intercultural, historical, ethnical 
and geographical. Regarding the sample period of analysis, ie the period between January 2000 and January 2014, it 
appears that Granger causality runs one way, from Hungary to Romania, but not the other way considering the fact 
that null hypothesis of no Granger causality is rejected. Therefore, based on unidirectional return causalities, long-
term dynamic causal linkages between Hungarian and Romanian stock markets are very important in the investment 
process and risk management strategies. Nevertheless, this result leads to the possibility of obtaining significant 
benefits based on international diversification of portfolios in a globalized investment context. 
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